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The object of this thesis was to attempt to design, 
construct, and operate experimental equipment by means 
of which a homogeneous mixture of fuel oil and air 
could be obtained and its ignition and combustion 
characteristics studied as it flowed through a combustion 
chamber at different velocities, static pressures, and 
temperatures. Actually, a perfectly homogeneous mixture 
was not obtained and the limitations of the equipment 
Mailabic permitted a study only of ignition characteristics 
of lean fuel-air mixtures with air velocities varying 


from 40 to 90 ft/sec. 


B. Method 

The combustion chamber was Wid cd with air under 
known conditions of flow at variable velocities, chamber 
vacuum, and temperature. Fuel oil at room temperature 
was atomized into the combustion chamber under pressures 
up to 2000 psi from seven 0.004" or 0.008" orifices 
distributed over equal areas of the air stream. The fuel- 
air mixture was then ignited at distances of 162" or 35" 
downstream be means of a continuous 10,000 volt spark 
in the center of the combustion chamber cross-section. 
Measurements were made of atmospheric pressure, fuel 
temperature, temperature of air entering combustion 
chamber, fuel pressure, combustion chamber vacuum, and 


air-flow manometer reading. Whether or not ignaptoy was 
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obtained and other pertinent comments were also recorced. 
Computations were mude of absolute combustion 
chamber pressure, air rate, fuel rate, fuel-air ratio, 


percent theoretical air, «nd air velocity. 


C. Results 

The maximum percent theoretical air (minimum fuel- 
air ratio) at which ignition could be obteined was 
found for air velocities from 40 to 90 ft/sec (limit of 
air supply available) and combustion chamber absolute 
memessures of 10, 15, 20, and 25 inehes of mercury. 

In addition, the pressure atomization characteristics 
of 0.008" orifices (1/d equals 4) and 0.004" orifices 


(1/d equals 5) were obtained. 


D. Conclusions 

Factors which result in an increase in the degree 
of atomization of the fuel increase the percent maximum 
theoretical cir at which ignition may be obtained under 
a given set of conditions. 

Fuel-air mixtures of diesel oil can be ignited by a 
continuous spark without the use of a flame holder at 
air velocities above 930 ft/sec. 

The distances required for pressure atomization in 
atmospheric air of diesel oil (kinematic viscosity 
5.795 X 107° ft</sec) under 1000 psi pressure from 0.004" 
and 0.008" ciameter orifices are approxim.tely 16" and 


oo" respectively. 


FE. Recommendations 

It is recommended that further investigations be 
made with higher air velocities, better fuel atomization, 
higher air temperatures, and heavier fuels such as Navy 
Special. It is also recommended that the design of the 
equipment be changed so that (a) a smaller diameter 
combustion chamber is used, (b) the fuel may be atomized 
outside the combustion chamber and then introduced into 
the air stream, (c) hot wire ignition may be used as 
well as a continuous spark, (d) a photographic record 


may be made of all runs. 
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_ JI. INTRODUCTION 


A. Previous Investigation 


Heretofore very little investigation into factors 
affecting ignition and combustion of fuel oil sprays 
in an air stream has been made. The authors have been 
unable to find anv pulbibaaaaad literature directly pertaining 
* to the subject and it shoula be understood that this work 
is purely exploratory. The work of Dawson and Oldfield 
at the Massachusetts Institute of Technology in a 
"Study of a High Output Combustion Chamber" was somewhat 
Similar in nature but with a different objective and 


under considerably different conditions. 


B. Objective 


It was apparent from the beginning that because of 
the lack of information directly pertaining to the 
problem under study the major task would be the design 
and construction of the necessary equipment by means of 
which a homogeneous mixture of fuel oil and air could be 
obtained and its ignition and combustion characteristics 
eamgaied. In addition it was necessary to develop an 
experimental procedure and technique which would yield 


the desired results. 
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C. Equipment 


The equipment consisted of: 
1. A 23" air metering orifice serving as an air inlet 
Figure I). 

2. An air heater capable of heating maximum air 
available up to approximately 300°F by means of steam 
coils (Figure II). 

4. Air entrance section fitted with a thermometer 
and a piezometer ring and consisting of a diverging 224° 
Gene, three screen calming sections, and a converging 
300 cone which introduced the air directiy into the 
combustion chamber through the nozzle ring (Figure III). 

4. A nozzle ring (Figures IV and XII) which pressure 
atomized fuel into the combustion chamber. 

Oe A gt ight combustion chamber made up of three 
removable pyrex glass sections of 5.75" inside diameter 
(Figure V). 

6. An ignition ring which held two spark electrodes 
(inserted through porcelain insulators) connecteé to the 
secondary of a 250:10,000 volt transformer mounted above. 
The spark gap and its longitudinal position in the chamber 
was adjustable (Figures V and VI). 

7. An exit section fitted for injection of a cooling 
water spray and containing a 30° cone section to reduce 
the diameter of the equipment from 5.75" to 3.0" and to 


provide drainage for the cooling water (Figure VII). 
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8. A steam air-ejector. 

9. A gas pressure system consisting of bottled 
nitrogen fed through a manifold into the fuel supply 
bottle above the level of the oil (Figure VIII). 

10. A fuel supply system consisting of the supply 
bottle, two strainers (.0025" maximum opening), control 
valve, and thermometer (Figure VIII). The entire fuel 


oil system was designed for a pressure of <000 psi. 


The air metering orifice, air heater, anc steam 


air-ejector were part of hr. fAgoston's equipment. 
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IV. RESULTS AND DISCUSSION 


The results of the experimental work appear in 
tabular form in the appendix and as curves (Figure XIII) 


accompanying this discussion. 


A. Curves of Air Velocity vs Maximum Percent Theoretical 
Air at Which Ignition Was Obtainea 


In all cases the maximum percent theoretical air at 
which ignition could be obtained increased (ie, fuel-air 
ratio decreased) as the air velocity was increased. It 
is believed that this was due to the following: as the 
air velocity is increased, the fuel rate must also be 
increased to maintain a constant fuel-air ratio. An 
increase in fuel rate was obtained by an increase in 
the fuel atomization pressure thus decreasing the mean 
diameter of the droplets in the spray and, hence, 
increasing the ratio of the total surface area of the 
oil droplets to the volume of air. A combustible mixture 
is thus obtained at lower fuel-air ratios for high air 
velocities than for lower air velocities. The spark which 
was used for ignition was Large enough to insure 
combustion if a combustible mixture was present. 

AS the combustion chamber pressure was increased,the 
percent theoretical air at which ignition could be obtained 
increasea. it is believeo that this was again a result of 
better atomization since the mean droplet diameter of the 
spray is approximately inversely proportional to the air 


density (Reference 2). 
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air at which ignition coulc be obtained. If it is assumed 






that the mean droplet diameter varies as the orifice 






diameter, this effect was also due to better atomization 






(Reference 5). 





Moving the point of ignition closer to the fuel oil 





nozzle resulted in an apparent increase in the maximum 






percent theoretical air at which ignition could be 





obtained. It is believed that this effect is only 








apparent rather than actual. When the spark was closer 
bo the mozzle, it was in a position unfavorable for 
homogeneity of mixture, and the fuel-air ratio around the 
spark was richer than that indicated by the overall weights 
of air and fuel entering the chamber. 

Heating the air seemec to have a negligible effect 
on the results. If this were true, it would indicate that 
the evaporation of the oil in the spray was negligible or 
at least an unimportant factor in determining where 
ignition can be obtained. Unfortunately, time cid not 
permit the making of sufficient hot air runs from which 


to draw any valid conclusions. 


B. Other Lxperimental Results 

Ignition of the fuel-air mixture is possible at air 
velocities greater than 90 ft/sec without the use of a 
flame holder. When the fuel-zir nixture vas -_ slightly 


richer than that required for ignition, an explosion 


occurred in the combustion chamber due probably to the 
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sudden decrease in uir velocity as described subsequently 
under "Limitations of Equipment." This made it difficult 
and somewhat dangerous so fer as the life of the glass 
combustion chamber was concerned to obtain a fuel-~air 
mixture which would result in a sustained cone of flame 
emanating from the spark. However, on runs number 27 and 
33a sustained cone of flame was obteined. An estimate of 
cone angle yieldeu approximate flame speeds of 11.1 and 
17.4 ft/sec for these two runs respectively. 

In still air at atmospheric pressure and 80°F the 
Gistance from the orifices required for complete atomization 
of the fuel oil at pressures of 1000 psi or greater was 
approximately 26" for 0.008" diameter orifices and 16" 
for 0.004" diameter orifices. These distances increased 
somewhat as the atomization pressure was lowered. The 
atomization from the 0.004" diameter orifices was 
perticularly good: the oil was, broken up into a very fine 
fog approaching the consistency of smoke. 

With the experimental apparatus used it would have 
been possible to investigate the distances required for 
pressure atomization at various chamber pressures and 
zero air-velocity by running the air ejector, closing the 
main air valve to the combustion chamber, and using the 


by-pass valve to control the chamber pressure. 


QO. Valiagity of Results 


All runs were reproducible at any time. The exact 


results obtained were not independent of the apparatus; 











however, it is believed that the qualitative results are 


valid regardless of the aiparatus used. 


D>. Limevatioms ol the bquapment 


The type and capacity of air supply and the room 
available for the experimental set-up placed narrow 
limitations on the ranges of fuel-air ratios and air 
velocities that coula be investigated. It was impossible | 
to get air velocities in excess of 90 to 95 ft/sec or 
rates of air flow in excess of 0.81 pounds per second. | 
Hence, as a result of the low fuel-air ratios at which 
combustion was obtained, it was necessary to operate the 
fuel atomization nozzles at low pressures of 300 to 600 
psi rather than in the 1000 to 2000 psi range for which 
they were designed. This prohibited the attainment of the 
desired degree of atomization and was a major factor 
contributing toward the failure to obtain the desired 
homogeneity of the fuel-air mixture. 

The limitations of the steam «eir-ejector made it 
difficult to study sustainea combustion in the chamber 
since the capacity of the ejector in pounds of air per 
second is severely reduced when it has to handle either 
the hot gases of combustion or cooling water, if used. 

The use of an air-compressor as originally planned instead 
of an air-ejector woula eliminate this difficulty but 
would muke it impossible to study the effect of the 
combustion chamber c¢ressure on ignition and combustion. 


A better solution to this problem would be to use a 








: - 
RE a. ro w-~ * o 1 ee i ] 
+ }- F as 7 ©) 4 t ¢€ K = : i ) — PA } 


; 
gr 
cake 


a - = yee ioe F aes is 
> PAMMIAIBS KT IMANY { 
COMOoOUS CLO | 
Nee NN ed Net <—— ; 

- - a 7 —_ : 


— : Fe) : Pelee eae Dahl CRiah pk eae Y , oes |e a | 
. > ~ + ~rs ~~ ie oe bs ue e 5) -— L~& ™@ QMS LO WY ~ a % 
| £2 PPV PN £3 J i hi gr tt Ge we AN i | eq iti h |. fe I | Dy 
to Bo OD ert & © id 7 { Se ‘Foo N\A LIES Lee er ay) 
a ae ee ee >, Lo (4 : aa — @ 7 i afl 


cooling water section. It is estimated that with sustained 
combustion in such a chamber the air-ejector oon 
produce air velocities up to 200 to 300 ft/sec. 

At high air velocities a homogeneous mixture of fuel 
and air could not be obtained in the 45" of travel from 


the orifices to the spark. At least two or three times 


this distance would be required. The maximum available 





Gistance for this travel was approximately 44" which was 
definitely not enough. 

The exact determination of the actual fuel-cir ratio 
at the point of ignition was difficult because the position 
in the chamber where homogeneity of the fuel-air mixture 
existec, if indeed it did exist at all, varied for 
different atomization pressures and air velocities. This 
would indicate the desirability of making the position of 
the spark ignition more easily adjustable. Time available 
for the test runs caused a deviation from the original | 
plans to make a more thorough study to deter.uiine the 
optimum position for ignition. 

The fuel jets from the orifices exert such a powerful 
effect on the air stream thet it is questioneble as to 
whether the flow conditions of the uir entering the 
combustion chamber are of any importance provided the flow 
rate is uniform across the cross section of the entrance. 

All of the aforementionned difficulties could be 
lessened by atomizing the oil at about 1500 psi with 


orifices of 0.004" diameter or less into a chamber 
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separate from the combustion chamber and then introducing 
the resulting droplets into the air stream prior to its 
entering tne air calming sections. Admittedly, the 
construction and calibration of such & system would be 
extremely difficult but it would hate the additional 
advantage of eliminating the effect of atomization 
pressure and orifice diameter since the amount of fuel 
introduced into the air stream could be controlled 
independently of these two factors. Also,. since a 
homogeneous mixture of fuel and air would be entering the 
chamber, the ignition point could be placed close to the 
entrance. If the etfect of the degree of vaporization of 
the fuel (assuming chess is an effect) upon ignition and 
combustion is to be studied, the combustion chamber would 
have to be long enough to get the desired separation of 
ignition points. 

It would have been very desirable to have had a 
photogravphic record of each run on «hich ignition was 
obtained. If flame speeds were to be studied, photographs 


would also be very useful. 


E. Flame Arrestors 

It was originally intended that, if the apparatus 
could be operated so as to obtain ignition, flame arrestors 
of various designs would be inserted in front of the 
Spark gap. Time did not permit the carrying out of this 
plan but it seems logical to assume that under any 
conditions which permitted ignition stable combustion could 


have been obtained with the employment of the proper 
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design flame arrestor. As it was, burning Ceasec as soon 


as the ignition spark was stopped. 











V. COhCLUSIONS 


1. The following factors caused an increase in the 
value of the Maximum Percent Theoretical Air at Which 
Ignition Was Obtained: 

a. An increase in combustion chamber air velocity. 

b. An increase in the absolute pressure of the 
combustion chamber. 

c. A decrease in the diameter of the orifices 


thru which the fuel is atomized. 


<2. A mixture of diesel fuel oil and air can be 
ignited over a wice range of fuel-air ratios by a 10,000 
volt spark without the use of a flame aygrestor at air 


velocities greater than 90 ft/sec. 


4. The distance required in atmospheric air for the 
pressure atomization of diesel oil (kinematic viscosity 
3.75 x 107° ft“/sec) under 1000 psi pressure is approximately 
<6" through an 0.008" orifice ana 16" through a 0.004" 


orifice. 
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VI. RECOMMENDATIONS 


1. it is recommended that further investigations be 


made with: 


ae 


joe 


C. 


Oe 


Higher air velocities. 

Better fuel atomization (ie, higher atomization 
pressures). 

High air temperatures (200 to 300°F). 


A heavier fuel such as Navy Special fuel oil. 


2. The following changes and additions to the 


experimental equipment are recommended: 


ae 


The use of the present air ejector with a 

£" to 2s" diameter combustion chamber. 
Atomization of the oil at constant pressure 
(about 1500 psi) thru orifices of 0.004" 
diameter or less into a separate chamber and 
then introducing the resulting oil droplets 
into the cir stream prior to the air calming 
and converging sections. 

Provision for the use of either a continuous 
hot spark or a hot wire for ignition. 
Provision of means for making a photographic 


record of all runs. 
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A. Jummary OF Data | Calculations 


Resu/*s of ITU $ oy a aS 4 Lon 1/022 WO S ey ee 


Ww/ +h NM OX/PO CP? fre Vv CCH 7 er CENA ae. 
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Bb Sample Caf_ulclrevs, 
ve Calibration of The no2z2/e ring. 


Calovlation fear the &-mil WfFICE cI /B00 psc 


S 
(Sas pvessore = Oil pressure \ Dp > 189° BSc 
. 2 = 
Werght of fuel bottle before ro (fps) 4S 42 F5.750. 
: : - qtler vun (/bs ) 43 °1F - 43.375 


Time of off Flw (secs) Cs @s 
Specific weight (Wy) of NM, @BXF > .0098 EP 


Where Wry > f - fPXIEY = 144 | 
U~ aa (S4¢99X F60F 82) 


Ly Ay =, 00 4849 (1800) > &. 71 (bs pf 


From Jemp- Sp. gravity Covve ( Fig BYE ) for e2xF 
yead SY eae as qravily = sooo 


J S pec/fre WwerghT O tf Ot. =(. 25 Toe 2.4) 252.3 Wipe 


lotal werghT of of | flow > 523 4W z= 
5h. whoi/ — sp w C. gas 


where aw/: chanze mn werght of fue/ ha hie 
duyin g ren. (F575 ~ $3378) 


oral WierghT af of/ flow = (52.3 2,375) a 2845S /bs 


(52.3 -— 8.77) 
j}CqaTe of o//f hw=ABt*S =~ FL /bs. O11 f sec. 
635 i 








Bm fest Kuns 
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Comb Champerv VeeuumMm manomerer reading 10 O© 5 


Comb. (4ambev Cab sofute ) pressure (9.95 "Hg > #2 


Bis f fou) jnanome)ler readsn LID Cn) ty, O 
Fron The “Air Flow Karke vs anometer Peading ‘Curve 
Cfigure xy ) yead Cd, = O76 lbs: wh /secoad, 


Fue/ press Uye readtin RTS, pse. 
from The curve of Cal(hval row Lara “Ki fe of 
Of Flow vs. Orl fvessure : C Frqouve } reat 


pf = CO. Gere (Bs fuel [Second 


ee Wt _ ,9f63 = 0.01470 
Wpen fvel{- fr katkro (A) = Ce ere a 
a 1S 
From reference Gry Chav? A We find Thar 
GHe pound of TAS fue/ SIO a es GLOCTE 
[tzRO povuds of ar fo“ Lempblere Comfusfro. 
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Cpa 





-—-33- 


where ¥ = Com A. (hamber Nell 1 LO saches of mevcory 
and (= CLG a € = or Tem 6. ala 


J hen wW,- AV, (70.7 F \ fP- $3.3 Ib- ft /°F for aie 
(2 C4ECOPE® t =835F 


Va = ef bor) ONG ~ f./8& (460 4b) Ze 
(70.7) (8o2 ae - 


Ve>- (418 US 4IN0.701) = 7260 ft/sec 
lie 
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C. Supolementary T'iscussion 


lL. Combustion Chamber: 

“hen the combustion chamber was first designed, 
it was assumed the ignition would not be obtained with air 
velocities above 40 ft/sec without a flame arrestor and 
that a maximum distance of 10" to le" would be required 
for atomization. As it turned out, both of these estimates 
were too low. The large diameter of the combustion chamber 
was selected to reduce to a minimum the local effects of 
the chamber walls on the air stream in the center and to 
provide sufficient air to mix with the amount of fuel 


which was expected to flow through seven small orifices 


— TT ——_ «cmt _ 


at atomization pressures above 1000 psi. The exact 
diameter (5.75") of the chamber was determined by the | 
inside diameter of the pyrex jars which were used (with 


their bottoms cut off) instead of pyrex tubing which 


could not be obtained in the desired size. . 


2. Nozzle Ring: 

The nozzle ring was designed so as to obtain as 
nearly an equal flow as possible through each of the 
seven orifices. Erass tubing was used because it is 
easier to drill than copper or steel tubing. 

The flow rates through the orifices were calculated 
by using the discharge coefficients for sharp-edgead 
orifices (diameter ratio 0.£0) as given in Fig. 21 of 


Reference (3). The experimentally determined flow rates 





pulled oil out of the nozzle una eppadrently puiled 
particles of scale or dirt from within the nozzle ring 
itself. 

Because or the high atomization pressures the 
equipment was designed for, the rate of oil rlow was 
measured by the atomization pressure and not by a flow 
orifice which would have required a manometer capable 
of withstanding £000 psi. This method proved to be very 
satisfactory because for the small orifices used the curve 
of flow rate versus atomization pressure was quite flat 
and @ relatively lirge change in pressure caused only a 
small Seenee in rate of flow. [In addition, this method 
permitted rapid and easy determination of the rate of 


Oil flow. 


3. Spark: 

it was intended to use a 5000 volt continuous 
sperk but trials quickly showed that a gap of less than 
1/16" would be required to keep the spurk from blowing 
out. Therefor, both sides of the transformer were used to 
give a 10,000 volt spark across a $" gap which worked quite 
satisfactorily. Due to tne fact thet there was always 
some oil spray passing thru the combustion chamber, the 
electrodes became coated with oil between runs and some 
occasional cifficulty was experienced in getting the spark 
started. In view of this fact, when the spark wes moved 


up to within 164" of the nozzle ring, the spark gap was 








reduced to 3/16" and no further trouble was experienced. 
During any run, even when ignition wes not obtained, 
there sh always a small cone of flame (tapering to a 
voint downstream) about one inch long extending downstream 
from the electrodes. It is felt that this served as a 
very good ignition source and that, if ignition of the 
mixture was at all possible without a flame holder, it was 


obtained. 


4. Protection: 

A 1/8" Lucite shield was hung around the bottom 
and sides of the combustion chamber (center-line of chamber 
was about six feet off the floor) to protect the personnel 
in the room from flying glass s;linters in case of an 


explosion breaking the pyrex glass. 
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DATA 


(Runs f thru 23 made with orifices ‘o) mrale In diameter.) 

APev = Combustion Chamber Vacuum in inches of Mercury. 
APa = Air Flow Manometer Reading In cms of Water. 

APr = Fuel Pressure (psi gage) 


Comments 


Run No. 4Fev  _4F% APr  Lanition 


Barometer 30.50 Hg A ir Temp. (is Ne Fuel Temp. T5°F 


ite soe, orifice plugged. Flashes oF 


| 10.0 “Y 2 1590 Yes Flame &" downstream. 
a 10.7 14,3 YOO No Center orifice lsgged 
Flame back into air entrance cone, 
3 10.0 46.0 1655 Yes hamber vacuum up to + 4" Ha 
PR Sie left ortfice interm rent, Flame 
4 10. 6 63.3 /QOO0 Yes nor as voluminous as in run #3, 
5 ZO S /6./ /I00 No Upper left orifice plugged 
Barometer 30.45 Ha Air Temp. 77°F Fuel Temp 80°F 
62a 10.5 63.9 500 No 
b 10.5 63.9 700 No 
C 10. 5° 63.97 900 Yes 
d 10, 5° 65.9 S00 Yes Pulsing Paw = xplos! ye 
e jo5 63.7 750 Yes Flashing 
oi 10,5 68.9 775 Y§ Fileisen , oce ee explosion 
ih (2m 10.6 55,0 ¥ 50 No 
(ve ry occasiona/ Elast 
b 10.6 55,0 600 No lo Bef eaplasia7 
Cc /0. 6 55.0 650 Yes Oce oso Ae/ thunk 
- Flashy: 
d 10.6 54.0 700 Ye s ravenmrtent ex plosions 
Flash” 
10.6 55.0 7 5C Yes rominmae erplostons 
Plashing 
- /0.6 55.0 870 Yes Invermtrent explosions 
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8 00 
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55O 
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No 
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Vo 
No 
Ne 
Wa 
Vo 
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No 
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No 
No 
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NV: oO 
No 
No 
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+f 
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Very o6cas ns ploshiity 


67 
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Roun No Okey A Pa LA Pe Ignition Comments 
| ies 10.5 14.0 350 Yes 
k - 500 Yes Jet seems onc 871 )Gl ae 
, in miaddle of chamber 
C 250 Yes 
d - i ¢S5O Yes Quire explos/ve 
/32 10.5 /ZO 3S5O No 
b i“ e YOO Yes 
l¥ @ 15,5 Bir Ard ¥IO No 
b : S50 No : 
Cc . - SOO oe Alf ort Fices rhea gui 
Baorameter 30.4%¥ ag Air 7emp Sa Vy A 7 emo B3°F 
/5 @ 15.5 26.8 500 No 
b 550 Yes 
/6 @ 15.6 Py io age Yes 
b YSO No 
c 500 Yes 
d 7S No 
IT a d 15.5 J/E6.0 Y SO Yes 
b ¥IO Yes 
‘a F5O Wo 
oJ io 7on Yes 
1G B dem fe /3.O FSO No 
b ¥00 No 
Cc ¥5O No 
d S00 No 
© 550 No ; 
7 600 Vo Middle orl FIce pig 9 aad 








Run No AG eee, 
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A Pe 
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[/aO 
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(4 OO0 


LO E/E 
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SCO 
SCE 


YOO 
Y50O 


$OO 
FPSO 
FOO 


55 OC 
cow 


YIO 


No 
No 
No 
No 
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No 
Wo 
Wo 
No 


No 
Vo 
Wo 


Air Temp. 7a 


Yes 


Yes 
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Yes 
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No 


No 
No 
Yes 


Comment K§ 


Flashes FO" SOW?ASST COGS? 
stare oF CAalxe SOCK IOL 


/ orrfree plog g < 


Fur Temp 567A 


Very fan? plasha 
ae |r SA 


Le Finire 


Orif ices plogg sen 


Air Temp 178 °F 
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DATA 

a 24 thru 52 made usrith 4-mi/ Or fie ) 
er, aa Combostion C ham ber YVacvum 1n inches of 1g. 
At. = Aur F lous /V) Grom erer freading 17? CMS. of wallow 
mye = Fve! Hressuve ( psec. goge) 


Kou Vo. Ate y AP, LA 2. Aqnilen C Giri tee iy 


Barometer 29.95"H9.; Air lemp, 83SF 5 Oil Temp SF 


LS GK a7 36.F Soo Yes Very faint fleshes 
254 4S 3/5 Soo Yes 
Mela 77975 S-0 EGO No 
D 7 OO Yes Very fa (nT 
27a Fig iey SE.O Goo (Mo 
b : 700 yes Very fain  & 
rs - For Frame specd = 
d 4300 a = ff. | ft [sec —— 
284 /0.0 F8.7 700 os 
Cc ; . SSO Vevy Occasrong f{ 
2ITG 40.0 FF | SSO Yes 
h - - Soo (Vo 
308 {0.0 IOI Soo Ao 
f ” . SSO Yos 
Za 10.0 F220 S00 Yes 
4 de vate FSO ra | 
ie : FOO 
at : BSD Mo 
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At Pe L g0iT 10+ CommenTs § 
=i (Ge Ve 
JOO Yes 
FOO Yes Stable Flame 
350 “ \ Speed <a 
ej 2% > 
as Vere /7.42 frIsec 
Soe Yes Ex plosvor 
JOO Yes Yery fan 
GSC 
G0o SVo 
Goo Ves Occasional -lash 
GSO Yes " 
720 Yes 
GSO Yes 
600 - 
GSO Very oO Cag s10ngf 4 lash; 
S0o Lo 
500 Yes 
FOO ° 
3ISO Occastronafl ¢ lash 
Zoo /Vo 
FOO Yes Lg hlosror 


Darometer 1998 sj Air Jens 8S O;/ Jem p Bo F 
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Furl Ne Rey AP, AF Tgnilon Comments 
mop /TIS 18.0 FOO No 
a ” { CVO SVo 
df //20 MNV/0 
e ; ° 42402 - VA es! SoPbT KU ie 
f “ IZOO No 
g ; : / 500 
4) / 73 
‘a 2 OVO 


ae A VAGTo Vo-/7 SISO Yes Ex plasrorr. 


YL A2A0.9/ 44 1850 Yes Very 4 ain ya 
ISG L095 Yer {820 Yes Exflosraas. 

dD ¥ ; /600 * 

‘ /FOo a 

rae {2 do : 

© [Ia0 : 

f Sao 

5 600 


JAG) of The COT ATT KFUbS Were made 
Ww/Th The spharf— moved of fo within 
(625° from V7OZB/e es an oS wil S SW a) Ae 


Gop Close Tome 
ISqvometeanm 2% 92 H¢.. Air lem p B2°F; Oil Temp. 80°F 


Pe C7 /0.0 GS-2 FOO M7 
4 ° SOO Yes 
c | ; FSO pas 


d : - LOO No 








SO 





Kon No. Le LVF a Z) Pe LgniTion Comm evrs 
4SQ /O.O CO.O Joo Wo 
b : SO¢d 
C ; Coo Yes 
d SSO i. 
ae SOO 
f FSO 
| Foo No 
4bOG /0.O 5/4 FOO Yes 
D - : 352 hKlo 
4I7G 1QO FZO foo Yes 
D : : 350 No. 
If Ba 10.0 375 350 Yes 
4 ‘ : 325 i 
«a SOO No 
Ja 10.0 Sy ats ZGo Yes 
4 : - Ae No 
Cc : " 25 i 
40g ony S77 350 Yes 
b i . 300 : 
| : 2S Va 
BG 2015 £=(/6.2 300 /\Io 
b : . 4OO 
& ; Coo 
ral BOO 
—_ TOO 
f // Oe 
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Kon Ma fore, PAs gs NE L¢niTion Comments 








BS / Fg eS 16.2 1200 A/o 


” /FOoo 
: : : /6 00 ; 
JS : : /800 
ne 3S0 
/ F000 

m2 2 0.00 TF.O {B20 Ko 

) ; /2L oo 

Cc I-20 . 
df GOo Y@s 
Se : Foo C 
. ms BAS No 
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Analysis of Diesel Fuel Oil as made by Chemical 
Laboratory, Boston Naval Shipyard on 31 July, 1946. 


Gravity, A.P.I. 60°F 35.85 
Specific Gravity, 60°F 0.8456 
Flash Point 156°F 
Pour Point ape it 
Water and Sediment 0.10% 
Sulphur 0.24% 
Carbon Residue (10% Bottoms) 0.057 
Ash None 
90% Distillation Temperature 596°F 
Solor (A.S.TiBe) 13 
B.T. U. per pound (calculated) 19,479 


Cubic Ft. Air to Burn 1 Pound(calculated) 195 


Refer to 
File No. 
(356 jc4Ge75 
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Viscosity 





Fliqgure KIT 
Viscosity Temperature Curve 
Diese! Fuel Orl (248273) 


Boston Nav2. Shipyard 5! July, II YG 
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